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I N T R O D U C T I O N
D l t r i n o  t h e  I ^ ^ !  ' ^ "  r ^ ^ ^ : ^ ^  I n u 7  f o m n c r a f t r r e  n u c l e a ru u !  r r r y  u r t u  r A J L  ! g W  U E U q U g -  I U W  L e I t t P g r a L U I s  r r
o r i e n t a t i o n  h a s  p r o v e d  i n  v a r i o u s  a s p e c t s  t o  b e  a  s u c c e s s -
f r r ' l  l - c c h n i n r r o  F o r  n r r c l c ^ r  q n e c f r o q c o n r r  i t  i s  s t i l l  O n e
of  the  most  re l iab le  methods  fo r  the  de term. ina t ion  o f
a n g u l a r  m o m e n t a  o f  I e v e l s  a n d  t r a n s i t i o n s  a n d  f o r  o b t a i n i n g
x l . , i - ^  - - + i ^ ^  ^ €
, , , r ^ r , , 1 1  - .  t r a n s i t i o n s .  D u e  t o  t h e  d e v e l o p m e n t s  o f
t h e  n u c l e a r  m a g n e t i c  r e s o n a n c e  t e c h n i q u e  a p p l i e d  t o  o r i e n t e d
nuc le l  (NMR-ON)  nuc lear  magnet ic  moments  can be  de termined
. - r ! L  - e ^ ^ r  T n  r a . F n J -  \ r F a r s  t h i  s  t e e h n i o r r e  h a sw a u r l  Y r s q u  a u u u r o u y .  I l r  r s u s r r L  J s q t J  u r r f  J  u u u r r r r J y u
n o t  o n l y  b e e n  a p p l i e d  t o  n u c l e a r  s p e c t r o s c o p y  b u t  i t  a l s o
n r n r z a d  l . n  h o  :  \ r o r \ /  r r q o f r r l  f a c h n i n r r a  i n  q n l  i d  q f a J - e  n h r z q i c q
a n d  i n  t h e  i n v e s t i g a t i o n  o f  r a d i a t i o n  d a m a g e  i n d u c e d  f o r
i n s t a n c e  b y  1 o n  b e a m s  ( V i s  8 1 ) .  W e  w i l l  r e s t r i c t  o u r s e l v e s
m a i n l v  t o  f h p  n r r c l c a r  q n p c t r n q c n n v  e q n p c t  n f  n r r c l c a ;
o r i e n t a t i o n .
Due to  severa l  new methods  ava i lab le  fo r  the  produc t ion
o f  r a d i o a c t i v e  s o u r c e s  t h e  p r o g r e s s  i n  t h i s  a r e a  o f  n u c l e a r
snec f roscc lnv  has  been enormous.  A t  the  same t ime more
a d v a n c e d  r e f r i g e r a t o r s  f o r  t h e  m i l l i k e l v j . n  r e g i o n  w e r e
d o r z e l  o n c d  E q n a .  i  e  I  I  r z  1 -  h e  d c r r e l  n n m e n t  o f  t h e  
' H e - ' H e
d i l u t i o n  r e f r i g e r a t o r  h a s  b e e n  o f  g r e a t  i m p o r t a n c e .  T h i s
m a d e  i t  p o s s i b l e  t o  c a r r y  o u t  n u c l - e a r  o r i e n t a t i o n  e x p e r i m e n t s
, ' r  ! L  -  - ' ^ * ' '  1  - - - ^  n r r m h p r  n f  i  s o f  n n c s :  f  o r  i  s o f  n n e s  W i t hw I  L l t  q  v e t ]  r o r Y e  r l u l L U s r  v r  f  - v  L v l r s r ,  r v !  r r v  L V P U J
s m a l l  m a g n e t i c  m o m e n t s  r e f r i g e r a t o r s  a b l e  t o  r e a c h  v e r y  l o w
f  o m n e r : { - r r r a q  ^ ^ n  L ^  
" ^ ^ ^  
€ ^ F  ^ L ^ F f  I  i t r . i  n c  i  q ^ f  6 n A q  q n a c i a le e r L r y e ! q  e q r !  U g  U > E u ,  ! U !  J I I V !  L  l r V r r r Y  f  r v L v I J s r  r l J c u r q r
top- Ioad ing  sys tems have been deve loped.  Another  way to
reduce the  t ime in te rva l  be tween the  produc t ion  o f  the
rad ioac t ive  iso tope and the  ac tua l  measurements  i s  the
c o u p l i n g  o f  t h e  r e f r i g e r a t o r  t o  a n  a c c e l e r a t o r - i s o t o p e
s e p a r a t o r  c o m b i n a t j - o n  ( G e e  7 9  a n d  S t o  B 1 ) .  I n  t h i s  t h e s i s
a  n e w  t e c h n i q u e  i s  p r e s e n t e d  t h a t  a p p l i e s  i n - b e a m  r e c o i f
r * * r  - - ! - ! r  ^ -  ' - - r r l e  f  h e  r e f  r i o e r : f - 6 ;  i t s e l - f  .  I t  h a s  b e e nl t L t P I q r r L d L f u I l  I l I S r u L  L r r s  ! 9 ! r  f y L r q L
a p p l i e d  t o  t h e  c a s e  o f  
r e r m H g ( 5 1  
m i n ) * 1 e l A u .  T h r e e  o t h e r
g o l d  i s o t o p e s  ( t o " t o 5 ' 1 o t A u )  s t u d i e d  i n  t h i s  t h e s i s  w e r e
o r i e n t e d  u s i n g  a  c o n v e n t i o n a l -  d i l u t i o n  r e f r i g e r a t o r .  T h e s e
o o l d  i q ^ + r l n p s  I  i e  i n  a  t r a n S i t i O n a 1  r e o i n n  h o f w e e n  l f i gr  v Y  r v r r
q n h e r i n : l  n r r c l a i  i n  l - h o  l o a d  r o a i n n  a n d  { - h a  < f r n n c l r z  d a -p  e r  v r r Y  r l  u u
fo rmed rare  ear th  i so topes .  In  the  las t  decade new nuc lear
mode ls  have been deve loped in  o rder  to  descr ibe  th is  k ind
o f  t r a n s i t i o n a l  n u c l - e i ,  H o w e v e r ,  i n  o r d e r  t o  c o m p a r e  t h e
p r e d i c t i o n s  o f  t h e s e  m o d e l s  w i t h  t h e  a c t u a l  s i t u a t j - o n ,
t h e  e x p e r i m e n t a l  q u a n t i t i e s  o f  t h e  n u c l e a r  l e v e l s  ( e . 9 .
a n g u l a r  m o m e n t a )  m i x i n g  r a t i o s  o f  t r a n s i t i o n s  a n d  m a g n e t i c
moments  o f  rad ioac t ive  lso topes  or  i somers  shou ld  be
m e a s u r e d .  W h e n  a  n u c l e a r  m o d e l  i s  a b l e  t o  r e p r o d u c e  t h e s e
n : r A m A + A r q  i n  a  c a f  i q f a n # n r r z  r r 7 A 1 7  J - h i d  ^ - h  h d  - ^ ^ h  -
- r r r b  u d r r  u c  b c e r l  a S  a
c o n s o l l d a t i o n  a n d  s u p p o r t  o f  t h i s  m o d e l .  W e  h a v e  m a i n l y
c o n c e n t r a t e d  o u r s e l v e s  t o  o n e  a s p e c t  o f  t h i s  c o n f r o n t a t i o n
o f  t h e n r r r  w i f h  o v n p r i m o n t  n : m o l \ /  i h o  a : f h o r i n o  n f  a v n a r r -
m e n t a l  d a t a  i n  t h i s  t r a n s i t i o n a l  r e g i o n .  F o r  o u r  i n v e s t i -
a = + i n n e  r r a  h : r z a  ^ h g s e n  a  S e r i e s  o f  n d d _ a  o o l r i  i  s r r f  o p e sY v t q  r p v u r _
f h a t  h a r z e  o r r i t c  s i m i l a r  C h a r a g t e r j s l - i c s  w i l - h  r p q n o q t  t O
e n e r g y  s p e c t r a  a n d  m a g n e t j - c  m o m e n t s .  I n  a l l  c a s e s  a
r e l a t i v e l y  l o n g - I i v e d  i s o m e r i c  s t a t e  i s  f o u n d  t h a t  c a n  b e
o r i e n t e d  r r q i n c  l - h 6  I  r r d d  h r r n a r f  i n a  € i a l A  a f  a a l n  . i n  i r o n .
H i  a h p r  ' l  v i  n o  1  o r r o l g  w e r e  S t u d i e d  h v  n r r r : l  e a r  o r i  e n t a t i o nv f  r r u v r e q
o f  f  h e  H d  n a r p n f  q + a f  a c  l \ 1 ^ +  \ / a r r t  m U C h  W a S  k n O W n  a b g g t
these iso topes ;  fo r  ins tance a l l -  the  maqnet ic  moments  o f
t l : re  "  /  z  i somer ic  s ta tes  in  the  odd-A go ld  i somers  were
unknown a t  the  s ta r t  o f  th is  thes is  work .  Moreover ,  a
la rge  number  o f  angu lar  momenta  ass ignments  o f  exc i ted
s t a t e s  i n  t h e s e  o f f - A  g o l d  i s o t o p e s  w e r e  m a i n l y  b a s e C  o n
s y s t e m a t i c  t r e n d s  i n  n e i g h b o u r i n g  g o l d  i s o t o p e s ;  q o l d - 1 9 5
w a s  i n  f a c t  t h e  o n l y  i s o t o p e  t h a t  h a s  b e e n  s t u d i e d  q u i t e
we l l  be fore .  For  th is  reason we per fo rmed a  nuc lear
or ien ta t ion  measurement  on  
t " \ tg  ( imp lan ted  in  i ron)  wh ich
gave about  20  new sp in -par i ty  ass j -gnments  fo r  leve ls  in
1 s 3 A u .  G e n e r a l l y  t h e s e  a s s i g n m e n t s  c o n f i r m  t h e  s y s t e m a t i c
t rends  observed fo r  r  e  3Au and hence the  ass ignments  fo r  the
other  l so topes  are  based now on much s t ronger  a rguments ,
1 0
A p a r t  f r o m  t h e  i n t e r e s t  f o r  n u c l e a r  s p e c t r o s c o p y
m e n t i o n e d  a b o v e ,  t h e  n u c l e a r  o r i e n t a t i o n  o f  g o l d  n u c l e i
i m n l a n l - a d  i n  i r n n  c e n  e l s n  v i e l d  i n f F r p q f i n o  d e f a i l s  a b o u t
. r r L L y ! q r r L v u
t h e  h y p e r f i n e  i n t e r a c t i o n s  e x p e r i e n c e d  b y  g o l d  n u c l e j -  i n  t h e
i r o n  l a t t i c e .  T h e  A u F e  c a s e  h a s  b e e n  t h e  f i r s t  c a s e  w h e r e
r rc r r r  ' l  a roe  hvncr f  ine  anomal ies  were  de tec ted .  The unexpected
fea tures  o f  suadrupo le  in te rac t ion  in  cub ic  la t t i ces  l i ke
i ron  have a lso  been seen verv  ear lv  in  AuFe sources .  In
t h i s  t h e s i s  a  n e w  f e a t u r e  i n  t h i s  s e r i e s  o f
remarkab le  hyper f ine  in te rac t ion  e f fec ts  j -s  observed.  The
nuc lear  o r ien ta t ion  measurements  per fo rmed w i th  AuFe sources
cannot  be  unders tood comple te ly  un less  i t  i s  assumed tha t
l - h a r a  i c  a  n r r f  i a l  n ^ n - a l  i c n m a n l -  n f  { - h a  m A d n F f  i c  h r z n c r f  i n cf o  q  y q r  q r f , Y l r r r t u l r u  v r
f i e l d  w i t h  r e s p e c t  t o  t h e  a p p l i e d  f i e l d  o f  0 . 3  T e s 1 a ,
w h e r e a s  t h i s  e f f e c t  i s  n o t  p r e s e n t  i n  t h e  H g  p a r e n t  i s o t o p e .
I t  i s  s u g g e s t e d  t h a t  t h i s  m a g n e t o - a n i s o t r o p y  e f f e c t  i s
connected  w i th  the  unquenched orb i ta l  moment  wh ich  is  a lso
thought  to  be  respons ib le  fo r  the  quadrupo le  in te rac t ion
in  t l l i s  svs tem.
